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CLAIMS 



[Claim(s)] 

[Claim 1] Silicon carbide / metal silicon complex which has the structure which the 
silicon carbide with which the front face was covered with metal silicon has joined to 
one through this metal silicon. 

[Claim 2] That this silicon carbide is microparticulate and/or complex of claim 1 which 
consists of detailed staple fibeHike silicon carbide. 

[Claim 3] Claim 1 whose content of silicon carbide is 5 - 95 % of the weight, or 2 
complex. 

[Claim 4] One complex of claims 1-3 with which this silicon carbide heat-treats silicon 
accumulation biomass under an argon or nitrogen-gas-atmosphere mind, and is 
formed. 

[Claim 5] The heat-resistant catalyst structure base material which consists of one 
silicon carbide / metal silicon complex of claims 1-4. 

[Claim 6] The heat-resistant filter which consists of one silicon carbide / metal silicon 
complex of claims 1-4. 

[Claim 7] The manufacture approach of of the silicon carbide / metal silicon complex 
characterized by cooling after having fabricated the paste-like mixture which consists 
of silicon carbide, metal silicon, and an organic solvent in the predetermined 
configuration, removing an organic solvent from this mixture, forming a solid Plastic 
solid, heating this Plastic solid at the temperature below the melting point of this 
silicon carbide subsequently above the melting point of this metal silicon and carrying 
out melting of this metal silicon. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to silicon carbide / metal silicon 

complex, and its manufacture approach. 

[0002] 

[Description of the Prior Art] The catalyst currently generally used widely carries out 
distributed support of the catalytic activity component on the matter which has large 
surface area by the particle (ideally molecular level), and is used. The matter which 
has the large surface area used here is catalyst support. Although a gas and a 
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liquid-like reactant are contacted for a catalyst when presenting practical use with a 
catalyst for example, a reaction advances only on a catalyst front face. In order to 
contact a gas and a liquid for a catalyst densely in a reactor, what supported the 
catalytic activity component is used on foam with the configuration object of a 
monolith type with which the through tube to which many configurations were equal 
was prepared as a catalyst bed, and a through tube with an irregular configuration. 
Such monolith type matter and foam are a catalyst structure base material. This base 
material is physically [ chemically and ] stable also in reaction temperature, and needs 
to be equipped also with the mechanical strength while it contacts a catalytic activity 
component and a reactant efficiently. Generally, the catalyst is used as a means for 
acquiring high activity at low temperature. However, the need for a catalyst of 
operating at elevated temperatures, such as a gasoline-powered vehicle 
emission-gas-purification catalyst and a diesel engine vehicle 
emission-gas-purification catalyst, has been increasing recently. Current and the use 
maximum temperature of the catalyst put in practical use are 850 degrees C of the 
three way component catalyst used for gasoline-powered vehicle emission gas 
purification. This catalyst made the activated alumina support platinum, a rhodium, 
and palladium, carried out the coat of this to the catalyst structure support surface of 
the monolith type made from cordierite, and uses it for it Sintering of an alumina 
produces this catalyst at the temperature of 1000 degrees C or more, and the fall of 
surface area takes place in connection with it Condensation of the platinum which is a 
catalytic activity component takes place to it and coincidence, and catalytic activity 
falls rapidly. Furthermore, it is known that the cordierite which is a catalyst structure 
base material cannot be borne at prolonged use at 1000 degrees C although 1300 
degrees C is softening temperature. Although use of an advantageous diesel engine 
fuel has increased economically in recent years; compared with a gasoline fuel, a C/N 
ratio is large, combustion temperature becomes an elevated temperature, and 
development of the catalyst which bears temperature higher than 850 degrees C is 
needed. Since it is high, as for the combustion temperature of a diesel power plant 
C/H of a diesel engine fuel becomes an elevated temperature. Consequently, N2 and 
02 in air react and thermal NOx generates. In order to reduce thermal NOx to 
generate, it is possible to use the catalyst for emission gas purification. For that 
purpose, since 02 of assistant ** gas will decrease if the amount of air is lessened, 
incomplete combustion arises, and CO and CmHn (hydrocarbon) increase in exhaust 
gas. NOx generated using these reducibility gas is returned to N2, CO and CmHn are 
oxidized to coincidence at C02 or H20, and exhaust gas is purified. Such a catalyst is 
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called three way component catalyst and the reaction is expressed with a degree 
type. 

CO+02 ->C02 CmHn+02 ->C02+H2 ONOx+CO ->C02+N2 NOx+CmHn->C02+H2 
0+N2 The property excellent in the thermal shock nature other than thermal 
resistance is required of a catalyst That is, temperature rises rapidly to an engine 
start and coincidence, and temperature falls to an engine stop and coincidence rapidly. 
[0003] In order to purify the exhaust gas from a diesel power plant when using a three 
way component catalyst, adjust an air content, moderate CO and CmHn are made to 
generate in exhaust gas, reduction removal of NOx is carried out but in order to carry 
out the incomplete combustion of the high diesel engine fuel of a C/H weight ratio, the 
particle carbon (particulate) of non-** generates. By the diesel power plant, since a 
particulate will occur if CO, CmHn, and NOx are reduction-ized, a particulate will 
adhere to a catalyst front face and the hew contamination by a particulate being 
emitted into a fall and atmospheric air of the catalytic activity caused as a result will 
arise. As a policy considered now, the particulate contained in exhaust gas is caught 
with a filter, a filter is removed periodically, combustion removes the particulate in a 
filter, and it is thought that the method of equipping with and using a filter again is 
promising. This filter and also when exhaust gas temperature is an elevated 
temperature and removes a particulate by combustion further, since a particulate 
becomes an elevated temperature in the existing part thermal resistance and thermal 
shock resistance are required also of this filter. 

[0004] The combustion catalyst other than the automobile exhaust purification 
catalyst mentioned above as a catalyst used at an elevated temperature can be raised. 
A combustion catalyst is a catalyst which contacts inflammable gas molecules, such 
as 4 CHH2, and 02 on a catalyst, and produces oxidation reaction, i.e., a combustion 
reaction. Since fire-resistant gas can also be burned completely or can carry out 
perfect combustion also at low temperature by using a combustion catalyst it is used 
for deordorization by burning an offensive odor component completely etc. When it is 
made to burn at an elevated temperature (1500 degrees C or more) in recent years, 
NOx (thermal NOx) which 02 and N2 in air react and generate is considered to be the 
cause of air pollution or acid rain, and various cures are taken. In order to reduce this 
thermal NOx, it can attain by making it burn at the temperature of 1500 degrees C or 
less (below 1500 degrees C, the equilibrium constant of the reaction of N2+02 ->NOx 
is small, and there are few yields of NOx.). In order to collect the heat generated by 
combustion and to use efficiently, it is necessary to make it burn at the temperature 
near this below 1 500 degrees C. However, the catalyst which can be used at such an 
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elevated temperature is not developed. It is 850 degrees C of a gasoline-powered 
vehicle emission-gas-purification catalyst to be most used at the elevated 
temperature among practical use catalysts, as mentioned above. 
[0005] Since each of automobile exhaust purification catalysts described here, filters 
for particulate uptake, and combustion catalysts is exposed to the gas which contains 
oxygen at an elevated temperature, thermal resistance and oxidation resistance are 
required. Furthermore, since it is used for combustion and temperature changes with 
ignition and fire extinguishing rapidly, thermal shock resistance is also required. 
Cordierite is used as a catalyst structure base material. Although the softening 
temperature of this cordierite is 1360 degrees C, use of long duration is difficult at the 
temperature of about 1000 degrees C. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer an 
ingredient with thermal resistance, thermal shock resistance, and the property 
excellent in oxidation resistance, and its manufacture approach. 
[0007] 

[Means for Solving the Problem] this invention persons came to complete this 
invention, as a result of inquiring wholeheartedly that said technical problem should be 
solved. That is, according to this invention, the silicon carbide / metal silicon complex 
which has the structure which the silicon carbide with which the front face was 
covered with metal silicon has joined to one through this metal silicon are offered. 
Moreover, after according to this invention having fabricated the paste-like mixture 
which consists of silicon carbide, metal silicon, and an organic solvent in the 
predetermined configuration, removing an organic solvent from this mixture, forming a 
solid Plastic solid, heating this Plastic solid at the temperature below the melting point 
of this silicon carbide subsequently above the melting point of this metal silicon and ' 
carrying out melting of this metal silicon, the manufacture approach of of the silicon 
carbide / metal silicon complex characterized by cooling is offered. Furthermore, the 
heat-resistant catalyst structure and a heat-resistant filter using said complex as an 
ingredient are offered. 

[0008] The silicon carbide used as a raw material by this invention is obtained by 
making the silicon inclusion and carbon like Si02 react. The carbon silicon used in this 
invention can be advantageously manufactured using silicon accumulation biomass. In 
addition, the silicon accumulation biomass said on these specifications means parts, 
such as vegetation (silicon accumulation vegetation) containing a silica component or 
its leaf, and a stem, and, specifically, chaff, such as a rice and wheat, or straw, the leaf 
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of bamboo grass, corn and the leaf of profit **, or a stem is raised. 
[0009] In order to manufacture silicon carbide from this silicon accumulation biomass, 
first as silicon accumulation biomass, chaff is heat-^treated in a 300-1 200-degree C 
temperature requirement in an argon or nitrogen-gas-atmosphere mind as it is, and a 
chaff pyrolysis object (mixture of a silica (Si02) and carbon (C)) is obtained. In this 
case, the pyrolysis reaction of the organic substance, such as a cellulose in chaff and 
a lignin, generates carbon. At this process, since the purpose prepares a chaff 
pyrolysis object, either an argon or nitrogen is OK as a heat-treatment ambient 
atmosphere. The obtained pyrolysis object is the mixture of amorphous silica and 
amorphous carbon. For Si02, in the above-mentioned temperature requirement, C is 
[ the impurities (K20, Na20 f CaO, aluminum 203, etc.) of generation of a chaff 
pyrolysis object ] 0 - 10 % of the weight 40 to 75% of the weight 25 to 55% of the 
weight Subsequently, similarly 1300-2000 degrees C of mixture of silicon carbide 
(SiC) and carbon (C) are obtained in argon atmosphere by heat-treating preferably in 
a 1 300-1 600-degree C temperature requirement As a reaction ambient atmosphere, 
nitrogen is also usable in addition to an argon. Even if many C is contained and it heats 
under nitrogen-gas-atmosphere mind rather than the amount of stoichiometrics of 
the reaction (Si02+3 C->SiC+2CO) which SiC generates from Si02 and C generally in 
a chaff pyrolysis object, silicon nitride does not generate. Although the heating 
processing time changes with whenever [ class / of silicon accumulation biomass to 
be used /, and stoving temperature ], the range of it is 0.1 - 12 hours. Generated SiC 
is beta-SiC and C is amorphous carbon. In order to remove C in a product, by 
processing preferably 400-800 degrees C of generated mixture of SiC and C at the 
temperature of 500-700 degrees C in air, C is made burned down and SiC is obtained. 
A part of SiC oxidizes and it is set to Si02, so that this processing temperature is high. 
In order to remove this Si02, it processes with a hydrogen fluoride (HF) solution. 
However, if the processing temperature in the inside of air is low, the amounts of 
generation of Si02 are very few, and can omit this HF processing. 
[0010] In order to manufacture the silicon carbide / metal silicon complex of this 
invention (only henceforth complex), grinding mixing of silicon carbide and the metal 
silicon is first carried out using a crusher. Especially the dimension of the silicon 
carbide used as a grinding mixing raw material and metal silicon is not restrained, but 
although it may be massive, pulverizing beforehand is desirable [ a dimension ] in order 
to perform grinding mixing efficiently, the shape of fine particles, and. Moreover, as for 
silicon carbide, it is desirable to use in the form of a detailed staple fiber (whisker). As 
a crusher, a vibration mill, a planet mold ball mill, etc. are used, the operating rate of 
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silicon carbide and metal silicon — silicon carbide:5~95 % of the weight — desirable — 
33 - 50 % of the weight and metal silicon: — : it is 50 - 67 % of the weight preferably 
five to 95% of the weight By this grinding mixing, mean particle diameter obtains 
preferably 0.1-30 micrometers of powder-mixing objects of 0.1-1 0-micrometer silicon 
carbide and metal silicon. 

[0011] The desirable powder-mixing object used by this invention has 0.005-0.02 
micrometers of diameters in the range of 0.01 micrometers preferably with the silicon 
carbide particle whose particle size is about about 0.1-1 micrometer, and can be 
obtained by mixing 1 -micrometer metal silicon fine particles preferably the mean 
particle diameter of 0.5-2 rnjcrometers with the silicon carbide floe which consists of 
a silicon carbide whisker whose die length is 2-3 micrometers. Mixing in this case is 
good for floe to be made not to be destroyed completely, for this reason — being alike 
— what is necessary is to make small the engine speed of the ball mill used as a mixer, 
or just to make the quality of the material of a ball mill into the thing of the flexibility of 
nylon etc. Thus, the powder-mixing object obtained is the thing of the structure with 
which the metal silicon particle adhered to the silicon carbide floe front face, and 
gives the complex of high quality the top where it is easy to make it a paste-like 
object Moreover, the powder^mixing object which consists of 50 - 95 % of the weight 
of silicon carbide and 5 - 50 % of the weight of metal silicon can be easily obtained by 
such mixing, in addition, said silicon carbide floe carried out — chaff — as it is — or 
the chaff powder whose particle size is about 50-100 micrometers is used as a raw 
material, and it is the above [ this ] and can obtain by making and processing. 
[0012] In this invention next, the powder-mixing object which is the above, and was 
made and obtained is distributed in an organic solvent and it considers as the 
paste-like object in which suitable viscosity is shown. As an organic solvent, use of an 
organic solvent 100 degrees C or less has the desirable boiling points, such as the 
thing of easy-volatility, for example, ethanol, a methanol, and an acetone. Thus, after 
the formed paste-like object fabricates this in a predetermined configuration, it 
removes an organic solvent from a paste-like object and uses it as a solid Plastic 
solid. The configuration of a Plastic solid can be arbitrary and can have the shape of a 
pellet type, a globular shape, tubed, tabular, and a honeycomb etc. The means of 
common use, such as heating and a vacuum, can perform removal of the organic 
solvent from a paste-like object. 

[0013] Next, under the argon atmosphere which does not contain oxygen for this, 
above the melting point (1414 degrees C) of metal silicon, preferably, the Plastic solid 
which consists of silicon carbide which is the above, and was made and obtained, and 
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metal silicon obtains silicon carbide / metal silicon complex by cooling at the 
temperature of 1414-1500 degrees C for 0.1 to 5 hours, after processing for 0.1 to 2 
hours, the temperature below the melting point of silicon carbide, and. Porous complex 
can be manufactured by being comparatively short in the time amount near the 
melting point of metal silicon, for example, processing temperature as much as 
possible, at this process, for less than 0.5 hours. When the powder-mixing object with 
which the fine metal silicon particle adhered to the silicon carbide floe front face 
especially is used as a raw material, complex with the large continuation hole of an 
aperture can be manufactured. By the approach of this invention, the SiC-Si complex 
of the configuration of a porous body with a pellet a honeycomb, and a continuation 
hole can be manufactured. Since the manufactured SiC-Si complex has the structure 
with which the SiC particle joined [ the congelation of metal silicon melt ] the SiC 
particle front face to one through the metal silicon with the wrap (it surrounds), silicon 
carbide is intercepted from the ambient atmosphere containing oxygen, and is 
prevented from oxidation. When metal silicon heat-treats in air the metal silicon lump 
which has the outstanding oxidation resistance and has the cubical configuration 
where one side is 5mm at 1200 degrees C and 1300 degrees C for 1 hour, the weight 
change is 0.08 % of the weight and 1 % of the weight, and the weight change is the 
same value as a 30-hour line about processing. On the other hand, oxidation of all the 
metal silicon produces the increase of 1 14% of the weight of weight Therefore, it turns 
out that oxidation reaction has arisen from this only in the thin surface layer of metal 
silicon. In the case of the complex of this invention, at the temperature more than the 
melting point of metal silicon, metal silicon will be fused, SiC will contact air and 
oxidation of SiC advances. Therefore, the upper limit temperature which can prevent 
the oxide of SiC-Si complex is below the melting point of metal silicon. 
[0014] 

[Effect of the Invention] According to this invention, stable SiC-Si complex can be 
easily manufactured under the oxidizing atmosphere to 1414 degrees C. The SiC-Si 
complex of this invention is excellent in thermal resistance and oxidation resistance, 
and moreover, since it excels also in thermal shock nature, it can be used for an 
elevated-temperature combustion catalyst structure base material, the 
emission-gas-purification catalyst structure base material for diesel power plants, the 
filter for particulate uptake discharged from a diesel power plant 
[0015] . . 

[Example] Next, an example explains this invention to a detail further. 

The quartz tube with a bore of 60mm was filled up with 20g of example 1 chaff, and the 
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chaff pyrolysis object was obtained by processing on argon 300 ml/min and 
500-degree C conditions for 1 hour. Si02 in a pyrolysis object was [ impurities of C, 
such as K20, aluminum203, and CaO, ] 3.8 % of the weight 57.7% of the weight 38.5% of 
the weight It was filled up with 10g of this pyrolysis object into the coil made from a 
mullite, and this was installed in the electric furnace of a SHIRIKO knitting heating 
element It passed within the reaction by argon 100 ml/min, and it processed for 3 
hours and 1500 degrees C of mixture of SiC and C were obtained. This mixture was 
processed under air 100 ml/min for 700 degrees C and 1 hour r and C was made burned 
down. Next, the product was processed in HF solution and Si02 in a product was 
removed. The surface area of the chaff SiC fine particles obtained by the 
above-mentioned actuation is 60m2/g, and 8.7% of the weight of oxygen was 
contained. The aggregated particle 0.01 micrometers and the SiC whisker with a die 
length of 2-3 micrometers which curled condense [ a 0.1-1 -micrometer SiC particle 
and a diameter ] the configuration of SiC fine particles, and it is [ aggregated particle ] 
the particle size of 50-100 micrometers was formed. Moreover, the commercial 
beta-SiC particle was used. Commercial SiC fine particles were the particles of the 
mean particle diameter of 0.3 micrometers, and 4 micrometers of maximum grain sizes 
in surface area of 7m 2/g. As metal silicon fine particles, the thing of the mean particle 
diameter of 10 micrometers and 98 % of the weight of purity was used, next SiC fine 
particles and metal silicon fine particles — a SiC/Si weight ratio — 1.0 and 0. — it 
weighed precisely so that it might be set to 67 and 0.5, and grinding mixing was carried 
out for 15 minutes with the planet mold ball mill. A suitable quantity of the methanol 
was added after mixing, and the SiC-Si mixing fine-particles paste was prepared. This 
paste was put into the glass tube with a bore of 5mm, and was extruded, and the 
SiC-Si mixing fine-particles pellet with a diameter [ of 5mm ] and a height of 5mm was 
prepared. Next 1 500 degrees C of this pellet were processed in the argon air current 
for 1 hour, and the SiC-Si complex pellet was prepared. Moreover, the SiC— Si mixing 
fine-particles pellet with a diameter [ of 30mm ] and a height of 20mm was prepared 
for the paste of the SiC/Si weight ratio 0.5 using the glass tube with a bore of 30mm. 
Before the methanol in this pellet volatilized, 21 through tubes were opened in the 
height direction of a pellet with the metal rod with a diameter of 2mm, and it 
heat-treated like the case of SiC-Si complex pellet manufacture, and SiC-Si complex 
honeycomb-I was manufactured. Furthermore, a paste is slushed into the mold which 
consists of a glass tube with a diameter of 30mm with which the glass rod of ten 3mm 
diameters is installed perpendicularly, a SiC— Si mixing fine-particles pellet is prepared, 
and it heat-treats like the case of SiC~Si complex pellet manufacture, and is a SiC— Si 
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complex honeycomb. - II was manufactured. The SiC-Si complex pellet, honeycomb 
which were manufactured by the above all directions method - I and honeycomb - II 
was processed at 1 200 degrees C and 1 300 degrees C among the air air current for 1 
to 30 hours, and weight change of a sample was pursued. The result was shown in 
Table 1 and 2. 
[0016] 
[Table 1] 
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[0017] Weight change of the chaff SiC fine particles for the SiC-Si complex pellet 
processed in 1200-degree-C air air current, a honeycomb, and a comparison is shown 
in Table 1. The increment in weight by oxidation of Chaff SiC is 39 % of the weight in 
processing of I hour. Therefore, Table 1 shows that oxidation reaction of SiC and Si is 
controlled remarkably in chaff SiC-Si complex. Oxidation reaction depressor effect is 
so large that a SiC/Si ratio is small, and, as for oxidation reaction, honeycomb-like 
SiC-Si complex is also controlled. With the SiC— Si complex manufactured from 
commercial SiC fine particles, although the increment in weight by oxidation reaction 
is large rather than chaff SiC-Si complex, by processing of 10 - 15 hours or more, the 
increment in weight shows constant value and oxidation reaction is controlled. The 
pellet in an air air current and after processing at 1300 degrees C, and weight change 
of a honeycomb were shown in Table 2. Although oxidation of SiC-Si complex is 
advancing rather than the case of 1200 degrees C shown in Table 1, oxidation reaction 
is controlled with the commercial SiC-Si complex pellet of the SiC— Si complex pellet 
of SiC / Si weight ratio 0.67 less or equals, the SiC-Si complex honeycomb of the 
weight ratio 0.5, and the weight ratio 0.5. 
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[0018] 
[Table 2] 
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[0019] Floe with the particle size of 76 micrometers or more was sifted out and it 
isolated preparatively from the chaff manufactured in the example 2 example 1. The 
planet mold ball mill ground metal silicon fine particles for 15 minutes, and particle size 
was arranged with 1 micrometer or less. Next metal silicon fine particles were 
weighed precisely for SiC fine particles 25% of the weight 75% of the weight, it mixed 
by 30 rotations / min with the ball mill filled up with the ball made of nylon for 24 hours, 
and the mixed fine particles in which the fine metal silicon particle has adhered to the 
surroundings of the SiC floe of a large particle size were manufactured. The methanol 
was added to these mixed fine particles, and it was made the shape of a paste. This 
paste was put into the mold with a diameter of 30mm, and it was made the pellet with 
a diameter [ of 30mm ], and a height of 20mm. This was processed in 1420 degrees C 
and a 3-hour argon, and the SiC— Si complex pellet was manufactured. Subsequently 
by emery paper 200,400 and No. 600, the SiC-Si complex pellet was processed with 
alumina abrasives with a particle size of 1 micrometer, and the pellet cross-section 
sample was prepared. It was checked that the complex with which a continuation hole 
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is observed from optical microscope observation of a pellet cross section, and the 
metal silicon congelation encloses the surroundings of a SiC particle is generating. 
The path of a continuation hole can be used also as a filter by about an average of 15 
micrometers. Weight change of the pellet when processing this SiC-Si complex pellet 
under 1 200 and a 1 300-degree C air ambient atmosphere was shown in Table 3. 
[0020] 
[Table 3] 
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[0021] It is clear that a metal silicon particle can control oxidation reaction at 1200 
and 1300 degrees C with the SiC— Si complex prepared from the particle made to 
adhere to the surroundings of a SiC particle. 
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